Summary.-Groups of mice were exposed to various doses of ionizing radiation on one occasion. In two groups of animals the bladder carcinogens dibutylnitrosamine (DBNA) and 4-ethylsulphonyl-naphthalene-1-sulphonamide (ENS) were administered 48 hours after irradiation.
VARIOUS authors have shown that ionizing radiation, whether by accident or by intention, has been responsible for the induction of tumours (British Medical Bulletin, 1973) . The present study was designed to examine firstly the acute and long-term effects of a single dose of ionizing radiation on the bladder and secondly the influence of radiation on the latent period and incidence of bladder tumours caused by two known bladder carcinogens, dibutylnitrosamine (DBNA) and 4-ethylsulphonylnaphthalene -1 -sulphonamide (ENS). DBNA has been reported to induce bladder tumours in the rat (Druckrey et al., 1962 (Druckrey et al., , 1964 and in the mouse (Bertram and Craig, 1970; Wood, Flaks and Clayson, 1970) and ENS also produces similar lesions in the mouse (Clayson, Pringle and Bonser, 1967; Dzhioev et al., 1969) .
MATERIALS AND METHODS
Female A x IF F1 mice, bred in the laboratory and 10-12 weeks of age, were used. They were fed on pelleted Oxoid 41B diet, given water ad libitum and housed 4 to a cage. 16 Animals were either irradiated, treated with chemical carcinogens or given a combination of irradiation and chemical carcinogen. A number of mice served as untreated controls. Acute single exposures of x-ravs were given to groups of mice at one of 3 levels: 500 rad whole body; 500 rad with the upper part of the body shielded; or 1000 rad with similar shielding. The exposure rate in all groups was 25-30 rad/min and the irradiation factors were 200 kV and 15 mA with 1 mm Cu + 1 mm AC filtration (HVL 1-6 mm Cu). Shielding was provided with a 6 mm thick lead mask.
ENS was prepared by the method of Brimelow and Vasey (1958) and incorporated at a concentration of 0.010% into powdered Oxoid diet which was fed to the selected groups for the duration of the experiment. DBNA was synthesized by standard procedures from dibutylamine. It travelled as one peak on gas chromatographv in 2 systems and was considered to be pure. On 13 occasions at fortnightly intervals, 5 ,ul of the chemical were administered subcutaneously.
When combined treatment was used irradiation preceded the first dose of chemical carcinogen by 48 hours.
The animals were divided into 8 groups:
R1 (500 rad whole body irradiation). R2
(500 rad shielded), R3 (1000 rad shielded), DR3 (1000 rad shielded + DBNA), D (DBNA), ER3 (1000 rad shielded + ENS), E (ENS), C (control). Groups R1 and R2 each contained 36 mice while the others had 48 animals.
To assess the early effects of irradiation on the bladder, 3 additional groups of 20 mice were irradiated with 500 rad whole body, 500 rad shielded and 1000 rad shielded, respectively. Five animals from each of these groups were killed at 2 days and 1, 3 and 6 weeks after treatment and examined for evidence of post-irradiation change in the bladder.
Animals were inspected daily and weighed monthly. Treated mice were allowed to live their full lifespan and controls were killed only after all treated animals had died. Animals with advanced autolysis were not included in the final result. At post-mortem examination, bladders were distended with 10% formol saline and, with portions of all major organs, were fixed in the same fixative, embedded in paraffin-wax, sectioned at 5 nm and stained by haematoxylin and eosin for histopathological examination.
RESULTS
Apart from loss of black pigment from the hair, irradiated animals remained healthy. In animals killed up to 6 weeks after irradiation histopathological examination of the bladder epithelium failed to reveal the presence of any abnormality.
Mean survival times together with the major pathological lesions found in the various groups of animals are recorded in Table I . In the urinary tract hydronephrosis was particularly common in those animals treated with chemical carcinogens, although a few irradiated mice also suffered from the same condition. The lesion arose mainly from the obstructive effect of calculi (ENS) or of large, wellformed blood clots (DBNA). In the bladder epithelial hyperplasia was present in the majority of animals that had received the chemical carcinogens in addition to carcinomata in 27% of animals treated with DBNA (Groups D and DR3) and in 190% of those with ENS (Groups E and ER3). Five mice in Group DR3 suffered from haemangioendotheliomata of the submucosa of the bladder. A combination of irradiation with chemical carcinogens did not alter the incidence of bladder tumours.
Mammary tumours were found in all groups of animals. The onset was accelerated in irradiated animals and in those treated with the chemical carcinogens, while there was an increased incidence of such lesions in mice irradiated with 1000 rad and in those treated with the chemical carcinogens. Combined treatment of 1000 rad and ENS or DBNA resulted in a markedly decreased incidence of mammary tumours (Fig. 1) .
With the exception of control animals, pulmonary tumours were found in all other groups but were most frequent in DBNA treated mice (Groups D and DR3). Pneumonia mainly affected irradiated mice. A miscellany of types of tumours affected some members of all the treated groups although DR3 displayed the greatest number of such lesions.
DISCUSSION
The failure to observe any early effect of radiation in the bladder epithelium in the present experiment contrasts with the findings of Schreiber, Oehlert and Kugler (1969) who recorded nuclear changes in a proportion of cells of the bladder epithelium of rats, associated with an increase in the synthesis of DNA. This discrepancy cannot be explained although the fact that a different species was involved may be of significance.
In periods of up to almost 2 years after a single exposure radiation was not shown to have induced bladder tumours, whereas the carcinogenicity of ENS and DBNA was confirmed. Additionally, irradiation followed by chemical carcinogens did not accelerate the production nor increase the yield of bladder tumours.
Animals treated with 1000 rad and ENS (ER3), on average, lived 100 days longer than those given 1000 rad and the major factor in the apparently antagonistic action between ENS and ionizing radiation was in the low incidence of mammary tumours (6 out of 43) in ER3, as opposed to a much higher incidence in animals that had been given 1000 rad (22 out of 43). Similarly, in animals given 1000 rad and DBNA the incidence of mammary tumours was much less (3 out of 41) than in those given 1000 rad. At the moment, the mechanism by which ENS and DBNA antagonize the carcinogenic action on the mammary gland of x-irradiation cannot be explained and further work on this problem is required.
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